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ABSTRACT: The damage of wind turbine blades suffered 
lightning strikes has been a key factor of the safe and reliable 
operation of wind farms. The electric geometrical model of 
wind turbine blades (EGMTB) was presented based on the 
traditional electric geometrical method and the physical process 
of lightning leader. The concept of dynamic striking distance 
was introduced and clarified the physical meaning of striking 
distance. And the calculation method of blade lightning 
protection system (LPS) efficiency was deduced. Finally, the 
effectiveness of EGMTB was validated by the long gap 
breakdown experiment of blades. The EGMTB was used to 
analyze the influence factors of blade LPS efficiency. It is 
indicated that the efficiency of blade LPS reduces with the 
decrease of lightning current and the angle between the blade 
and horizontal, and the efficiency of blade LPS can be 
improved by increasing the side lightning receptors. The 
EGMTB is intended to provide a theory for lightning protection 
design and evaluation of wind turbine blades. 
KEY WORDS: wind turbine blade; electric geometrical 
model; lightning protection; leader progression model;  
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Fig. 1  Dynamic striking distance of turbine blades 
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Fig. 2  EGM of blade lightning protection 
⍱ᑵ٬Ѫ I ᰦˈਦ⡷Ⲵࠫ䐍ሩᓄҾᕗ ABCDˈަѝ
ᕗ AB ǃCDѪ᳤䵢ᕗˈBC Ѫቿ㭭ᕗˈA ⛩Ѫᡰ⹄
ウਦ⡷䜘࠶(ਟԕᱟਦ⡷а䜘࠶)ሩᓄࠫ䐍व㔌㓯Ⲵ
䎧࿻⛩Ǆᖃ䴧⭥л㹼ݸሬࡠ䗮᳤䵢ᕗ AB ᰦˈࡉ㺘
⽪ਦ䓛䚝ਇ䴧ࠫˈ䱢䴧㌫㔏᧕䰚ཡ䍕Ǆ 
䲿⵰䴧⭥⍱Ⲵ໎࣐ˈRp઼ Rb ҏ䲿ѻ໎བྷˈᖃ 
䴧⭥⍱໎࣐ࡠ Imᰦˈࠫ䐍㤳ത໎࣐ࡠ m m m mA B C D ˈ
ਟԕⴻࡠ᳤䵢ᕗ m mA B ǃ m mC D ⴨ሩҾ䴧⭥⍱ I ᰦ
Ⲵ᳤䵢ᕗ AB ǃCD᰾ᱮ߿ሿˈᖃ䴧⭥⍱ᑵ٬㔗㔝 
໎བྷˈ᳤䵢ᕗՊ㔗㔝߿ሿ㠣⎸ཡˈਦ⡷ᗇࡠᆼޘቿ
㭭ˈ↔ᰦᡰሩᓄⲴ䴧⭥⍱ᑵ٬Ѫਦ⡷ਟ㜭᧕䰚ཡ䍕
Ⲵᴰབྷ䴧⭥⍱ ImaxǄᖃ䴧⭥⍱Ⲵᑵ٬བྷҾ Imax ᰦˈ
ਦ⡷Ⲵ䱢䴧㌫㔏㜭ཏሩਦ⡷ᆼޘቿ㭭ˈImax ѫ㾱о
ਦ⡷ᡰ༴ս㖞৺ਦ⡷䱢䴧㌫㔏Ⲵ䇮䇑ᴹޣǄሩҾа
њᐢ㓿䇮䇑ྭⲴ仾ᵪਦ⡷䱢䴧㌫㔏ˈަн㜭ᴹ᭸ቿ
㭭Ⲵ䴧⭥⍱Ⲵᑵ٬㤳തᱟ IminIImaxˈަѝ IminѪ
֯ਦ⡷ࠫクᰦᶀᯉнਇᦏՔⲴᴰབྷ䴧⭥⍱ᑵ٬ Iˈmin
ѫ㾱оਦ⡷ᡰ⭘ᶀᯉ৺࣐ᐕᐕ㢪ᴹޣǄ㤕ਦ⡷䱢䴧
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仾ᵪਦ⡷Ⲵ⭥≄ࠐօ⁑ර䙊䗷ࠫ䐍ᶕ᧿䘠ਦ
⡷਴ս㖞Ⲵᕅ䴧㜭࣋ˈࣘᘱࠫ䐍ᱟ仾ᵪਦ⡷⭥≄ࠐ
օ⁑රѝⲴањ⢩ᖱ৲ᮠˈҏᱟᴰ㓸ᇊ䟿㺘ᖱ仾ᵪ
ਦ⡷䱢䴧᭸⦷Ⲵส⹰Ǆ㾱ᜣ㺘ᖱࣘᘱࠫ䐍Ⲵਈॆ⢩
ᙗˈቡ䴰㾱㘳㲁ਦ⡷н਼ս㖞オ䰤⭥սⲴ⮨ਈᛵ
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2  ะӄݾሲਇኋ⁗ශⲺࣞᘷ࠱䐓䇗㇍ᯯ⌋ 
2.1  䴭Ӈ਀с㺂ݾሲс㜂Ქ⭫փ࠼ᐹ 
䴧ࠫਁኅ䗷〻ѝˈ㛼Ჟ⭥սѫ㾱⭡䴧Ӂ઼л㹼
ݸሬє䜘࠶⭥ս㓴ᡀǄᵜ᮷䟷⭘⁑ᤏ⭥㦧⌅≲ਆ㛼
Ჟ⭥ս࠶ᐳ 䴧ˈӁ઼л㹼ݸሬⲴ⭥㦧࠶ᐳ⁑රྲлǄ 
㠚❦⭼䴧⭥ԕ䍏ᶱᙗ䴧⭥Ѫѫˈަ䴧Ӂа㡜ާ
ᴹ 2~3 њ⭥㦧ѝᗳˈᴰкቲ䳶㚊བྷ䟿↓⭥㦧ˈлቲ
Ѫ䍏⭥㦧ˈᴰᓅ䜘ᴹᰦާᴹањᡆཊњᕡ↓⭥㦧४
ฏǄUman ઼ Rakov[16]䟷⭘ശḡ⭥㦧ึ⁑රᶕ⁑ᤏ
䴧Ӂ⭥㦧ˈਟⵏᇎⲴ৽ᓄࠪ䴧Ӂ⭥㦧࠶ᐳԕ৺オ䰤
⭥ս⢩ᙗǄAmorouso ઼ Lattarulo[17]⹄ウਁ⧠ᖃ䴧
Ӂ޵⭥㦧ᇶᓖ䖳൷रᰦˈശḡ⭥㦧ึਟԕ⭘ᑖ⭥ശ
ⴈᶕㆰॆˈྲമ 3 ᡰ⽪Ǆ⁑රѝਆ⁑රѝ਴৲ᮠⲴ
ިර٬ਆѪ˖Up 3nC/m3ˈUn 0.9nC/m3ˈhp  
10kmˈhb 5.5kmˈhn 1.5kmǄ㓿䗷䇑㇇䖤㓯к䘁
ൠ䶒⭥൪ᕪᓖ㓖൘ 10~20kV/m ѻ䰤ˈ䘉о
Eriksson[18]ǃSoula[19]઼ Willet[20]ㅹӪⲴ䴧Ӂൠ㺘⭥
൪⍻䟿㔃᷌⴨а㠤Ǆ 
 
+
+
+
++ +
+ +
+
+
++
+
+
+
+
++ + +
-
-
-
-
-
--
--
-
-
-
-
-
-
-
-
--
h
p
h
b
pU
nU
pU
pU
nU
nU
+
h
n
a 
 
ഴ 3  䴭Ӈ⭫㦭࠼ᐹ⁗ශ 
Fig. 3  Charge distribution of thundercloud 
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Fig. 4  Upward leader developing model 
ᔿѝ˖EfѪ߶䶉ᘱݸሬ൪ᕪっᘱ٬ˈ3u104V/m˗
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ࡠㅜ i1 ↕Ⲵオ䰤⭥㦧ˈ⭥ս⮨ਈѪ UTiǄ൘ݸሬ
ཤ䜘Ӿ li1 ਁኅࡠ li Ⲵ䗷〻ѝˈ⍱⌘ཤ䜘ਁኅࡠ lsiˈ
⍱⌘४ฏⲴ⭥սਈѪ U2iǄമ 4 ѝ䱤ᖡ䶒〟ਟ㺘⽪   
䈕䗷〻ѝᯠӗ⭏Ⲵ⭥㦧'Qi[26]ˈਟ䘁լ⭘лᔿ[11]   
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ᔿѝ qLѪ┑䏣⍱⌘ੁݸሬ䖜ॆᰦ অˈս䮯ᓖݸሬᡰ
䴰㾱Ⲵ⭥䟿 ሩˈҾ㠚❦⭼䴧⭥ਆ٬㓖Ѫ 65u106C/mǄ
ࡉла↕к㹼ݸሬཤ䜘ս㖞Ѫ 
 1i i il l l   '  (8) 
2.4  伄ᵰਬ⡽ࣞᘷ࠱䐓䇗㇍ 
⭡к䘠ݸሬਁኅᵪࡦˈ䇔Ѫкǃл㹼ݸሬⲴ⍱
⌘⴨䙷ᰦਁ⭏䴧ࠫǄഐ↔ˈ䇑㇇ᰦਦ⡷кḀа⛩Ⲵ
ࣘᘱࠫ䐍ᇊѹѪᖃл㹼ݸሬ༴Ҿ䈕⛩↓кᯩˈਁ⭏
䴧ࠫᰦк㹼ݸሬ⍱⌘ཤ䜘⴨ሩҾ䈕⹄ウ⛩Ⲵ儈ᓖǄ
ㅜ ᵏ ⦻ഭ᭯ㅹ˖สҾ䴧⭥⢙⨶Ⲵ仾ᵪਦ⡷ࣘᘱࠫ䐍о⭥≄ࠐօ⁑ර 5 
࡙⭘ݸሬ⁑ර⺞ᇊࠫ䐍ᴤ࣐ㅖਸᇎ䱵Ⲵ䴧ࠫ䗷〻Ǆ 
䇑㇇ѝˈ仾ᵪ⁑රⲴ৲ᮠѪຄㆂ儈 70mˈਦ⡷
䮯 40m ਦˈ⡷޵ᕅл㓯ॺᖴ 0.01m ຄˈㆂॺᖴ 2.5mǄ 
1˅ṩᦞ䴧Ӂ઼л㹼ݸሬս㖞ˈ≲ࠪ仾ᵪઘത
Ⲵ㛼Ჟ⭥ս[12]ˈ࡙ ⭘ᔿ(2)䇑㇇オ䰤⭥⿫ӗ⭏Ⲵ⭥㦧
ᮠˈࡔᇊ⭥ᲅ䎧࿻ˈ㤕⭥ᲅн䎧࿻ˈл㹼ݸሬ䘋а
↕ੁлਁኅ˗ 
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ᲅ४ฏ⭥㦧'Qˈᖃ'Q!1PC ᰦ⍱⌘ੁݸሬ䖜ॆˈ
੖ࡉл㹼ݸሬ䘋а↕ੁлਁኅ˗ 
3˅ݸሬ䎧࿻ਾˈٷᇊࡍ࿻ݸሬ䮯ᓖ 0.05mˈṩ
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4 ᰦᗇࡠ仾ᵪਦ⡷Ⲵࣘᘱࠫ䐍ᴢ㓯ྲ   
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Fig. 5  Dynamic striking distance curve in I 30kA 
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༴Ǆਦ䓛४ฏࠫ䐍䲿䐍ਦ⡷ቆㄟ䐍⿫Ⲵ໎࣐㘼߿
ሿˈਟ䘁լ⭘аᶑᯌੁлⲴⴤ㓯㺘⽪ਦ䓛ࠫ䐍
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ᦞ᧘㦀Ⲵࠫ䐍ޜᔿ[29]൘ൠ䶒⢙փ䱢䴧ѝᴹᒯ⌋ᓄ
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Fig. 6  Lightning interception efficiency analysis of  
blade LPS 
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Fig. 7  Mathematical model of exposure distance 
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Fig. 8  Failure rate of blade LPS under  
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Fig. 9  Dynamic striking distance curve (I 20kA) 
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Fig. 10  Blade material damage under impact current 
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Fig. 11  Failure rate of blade LPS under different number 
of receptors (I 30kA) 
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Fig. 12  Schematic diagram of experimental setup 
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Fig. 13  Observation results of discharge path 
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Fig. 14  Comparison of calculated values and  
experimental values 
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